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HEAT LOSS AND MOISTURE MOVEMENT 
Whenever there is a difference in temperature be-
tween two areas (indoor-outdoor), heat will flow 
from the warmer area to the cooler area. The flow 
or transfer of heat will take place by one or more of 
three methods; 
• conduction 
• convection 
• radiation 
Conduction is the transfer of heat through a 
solid. When a poker is left in a fire, the handle will 
also be warmed even though it is not in direct contact 
with the flame. The flow of heat along the poker is 
by conduction. The rate of flow is influenced by the 
temperature difference, the area of the material, the 
distance through the material from warm side to cool 
side, and the thermal conductivity of the material. 
Insulating materials have low conductivity, which, 
combined with their thickness, provide a barrier 
that slows the transfer of heat by conduction. 
Convection transfers heat by movement through 
liquids or gases. As a gas, such as air, is heated, it 
expands, becomes lighter, and rises. It is then dis-
placed with cooler air which follows the same cycle, 
carrying heat with it. The continuous cycle of rising 
warm air and descending cool air is a convection 
current. By dividing a large space into many small 
spaces and providing barriers that restrict convec-
tion, the flow of heat can be slowed. Among other 
methods, the mat of random fibers in mass-type 
insulation, such as mineral wool or wood fiber in-
sulation, provide such barriers. 
Radiation is a method of heat transfer whereby a 
warm object can heat a cool object without the need 
of a solid, liquid, or gas between them. Heat from 
the sun passing through the vacuum of space and 
heating the earth is an example of radiation. In order 
for heat to flow, the objects must "see" each other. 
Standing in front of the campfire results in the warm-
ing of those parts of the body that the fire "sees." To 
warm the other parts, one must reverse his position. 
The body can also be the "radiator," and heat can 
be radiated to objects of cooler temperature. 
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Standing near large glass areas or poorly insulated 
walls on a cold day will result in radiation to these 
objects. The loss of heat by radiation to the cold 
surface will cool the body surfaces and result in 
discomfort even though the air temperature in the 
room is at an acceptable level. 
MOISTURE MOVEMENT 
Moisture moves independently of heat movement, 
and operates under its own set of rules. All air 
contains moisture. This moisture or water vapor is 
invisible. Water vapor has pressure that is inde-
pendent of the air pressure. The amount of pressure 
is dependent upon the amount of water vapor pres-
ent. The greater the amount of vapor, the higher the 
pressure. The limiting factor is the temperature of 
the air-water vapor mixture. The term "relative 
humidity" indicates the ratio of water vapor in the 
air to the amount it could hold if it was completely 
saturated. Warm air can hold more water vapor 
than cool air. Therefore cool air at 100% relative 
humidity often has less water vapor in it than warm 
air at lower relative humidities. 
When a warm air-water vapor mixture is cooled, 
the relative humidity of that air will increase until 
it reaches "saturation." At that point, the air is 
holding as much water vapor as it can at its tem-
perature, and the relative humidity is 100%. Any 
further cooling will cause water vapor to be released 
from the mixture. The loss of moisture is condensa-
tion, and will take the form of a liquid or frost, 
depending on the temperature of the surface on 
which condensation is taking place. Condensation is 
what occurs on a cold drink glass on a warm summer 
day, and on cold glass surfaces in the winter time. 
It can also occur on the surface of or within walls, 
or on the structural members of a building if they 
are cool and warm moist air is· allowed to come in 
contact with them. 
Since water vapor has a pressure, it will try to 
move to areas where the pressure is lower. When the 
outdoor air is cold, this usually means that the vapor 
pressure within the building is higher than outdoors, 
and the vapor is pushing on the inside surfaces of the 
walls, ceiling, floor, glass, doors, and other surfaces. 
If the vapor can pass through these surfaces, it will 
either find a cool surface on which to condense or be 
dissipated to the outdoor atmosphere. 
With the right set of conditions of air pressure 
and vapor pressure, it is possible to have air moving 
into a space due to lower air pressure while water 
vapor is moving out of the space into an area of 
lower vapor pressure. 
CONSTRUCTION ASSEMBLIES AND INSULATION 
The following tables list some of the common as-
semblies of wall, roof, and floor constructions with 
various amounts of installed insulation. The top 
number listed in each category is the "R" -value of 
the assembly and the lower number the "U" -value. 
DEFINITION OF TERMS 
"U-value"- The coefficient of heat transmission 
through an assembly, such as a wall, 
floor or ceiling expressed in BTU per 
hour per square foot per degree Fahr-
enheit difference in temperature on 
the two sides of the assembly. 
BTU- British Thermal Unit - The quantity 
of heat required to raise one pound 
of water one degree Fahrenheit. One 
kilowatt equals 3,413 BTU. 
"k"- The thermal conductivity of a homo-
glass 
1~4" a a 
~ + +-t-
In the assemblies illustrated, the "U" -value has 
been adjusted for the framing members and rounded 
off to two decimal places. The "R" -values have 
been rounded off to the nearest whole number. 
Values for assemblies not shown can be calculated 
from data in the ASHRAE Guide ;:tnd Data Book. 
geneous material one inch in thickness. 
"C"- The thermal conductance of a nonho-
mogeneous or homogeneous material 
of a specified thickness. 
"R"- The resistance to heat flow. R is the 
reciprocal of U, k or C. 
glass skylight 
R = 1/ U; R = 1/ k; R = 1/C 
The higher the R-value the more re-
sistant the material or assembly is 
to heat flow. Materials with high R-
values have low heat losses. 
plastic bubble doors 
skylight 
pq ~ 
wood wood metal 
single storm double triple single double single double door storm storm 
R 1 2 1 1 1 2 4 3 
u 1.13 .56 1.22 1.15 .70 .49 .27 .33 
a= 3/16" R 1 1 u .69 .75 
·. 
.a= 1/4" R 2 2 1 u .65 .47 .70 
a= 1/2" R 2 3 2 u .58 .36 .66 
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face brick 
bevel siding t~·~;,, bevel siding bevel siding face brick common brick common brick 
3/ 8" plywood 5/ 32" insulating 
3/ 8" plywood 25/ 32" insulating 
sheathing sheathing insulation insulation insulation 
insulation insulation alum. foil insulation alum. foil 1 x 2 furring alum. foil 1 x 2 furring 1/ 2" gypsum 1/ 2" gypsum 1/ 2" gypsum 1/ 2" gypsum 1/ 2" gypsum 1/ 2" gypsum 
No insulation R=4, U=.27 R=5, U=.20 R=5, U=.20 R=7, U=.15 R=4, U =.28 R=5, U=.20 
Insulation 1" 2" 3" 3~" 1" 2" 3" 3~" 1" 2" 3" 3~" 1" 2" 3" 3~" 1" 1~" 1" 1 ~" 
Mineral wool 'B 7 10 13 15 7 10 13 16 7 10 13 8 11 14 7 8 9 8 
.14 .10 .08 .07 .14 .10 .08 .06 .14 .10 :o8 .i2 .09 .07 .15 .12 .12 .12 
/ 
Fiberglass or R 7 10 13 15 8 11 14 16 8 11 14 10 13 14 7 8 9 8 
wood fiber u. .14 .10 .08 .07 .12 .09 .07 .06 .12 .09 .07 .10 .08 .07 .15 .12 .12 .12 
Urea-formal- R 17 18 9 
dehyde foam U tt .06 .06 . 11 
Loose fills** R 13 14 13* 14* u .08 .07 .08 .07 
Vermiculite R .9 10 9* 10* u .11 .10 .11 .10 
Polystyrene R 9 10 10 u .12 .11 .10 
Polyure.thane ~ 10 13 12 
.11 .08 .09 
face brick face brick face brick face brick bevel siding 
3/ 8" plywood 25/ 32" insulating 3/ 8" plywood 25/ 32" insulating 3/ 8" plywood 
sheathing sheathing 
alum. foil 
insulation insulation insulation insulation insulation 
1/ 2" gypsum 1/ 2" gypsum 1/ 2" gypsum 1/ 2" gypsum 
alum. foil alum. foil 1/ 2" gypsum 
No insulation R=4, U=.27 R=5, U=.18 R=7, U=.14 R=7, U=.14 R=4, U=.27 
Insulation 1" 2" 3" 3~" 1" 2" 3" 3~" 1" 2" 3" 3~" 1" 2" 3" 3~" 1t '2t 3t 4t 
Mineral wool R 7 10 13 16 8 11 13 18 8 10 13 9 11 14 u .14 .10 .08 .07 .12 .09 .08 .06 .13 .10 .08 .11 .09 .07 
Fiberglass or R 7 10 13 16 8 11 14 18 8 11 14 10 13 14 
wood fiber u .14 .10 .08 .07 .12 .09 .07 .06 .12 .09 .07 .10 .08 .07 
Urea-formal- R 17 19 
dehyde foam u tt .06 .05 
Loose fills** R 13 14 13* 14* u .08 .07 .08 .07 
Vermiculite R 9 10 9* 10* u .11 .10 .11 .10 
Aluminum R 5 7 10 11 
foil u .19 .14 .10 .09 
*Aluminum foil does not contribute to thermal resistance when the cavity is completely filled. 
** Mineral wool or wood fiber. 
It acts as a vapor barrier only. 
t Number of polished foil surfaces facing an air space at least .>-2" in thickness. 
tt New construction - applied in two layers 
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insulation 
ttl 
metal lath 
& plaster 
No insulation 
Insulation 
Glass fiber 
board 
Cellulose 
fiber board 
Polystyrene 
Polyurethane 
Perlite board 
Cellular glass 
Batts* 
R 
u 
R 
u 
R 
u 
R 
u 
R 
u 
R 
u 
R 
u 
insulation 
R=2, U=.48 
Yz" 1" 2" 4" 
5 6 9 17 
.20 .18 .11 .06 
3 5 8 13 
.29 .20 .13 .08 
4 5 9 15 
.27 .18 .11 .06 
5 8 14 26 
.20 .12 .07 .04 
4 5 8 14 
.24 .20 .13 .07 
3 5 7 12 
.30 .22 .14 .08 
metal lath 
& plaster 
R=4, U=.27 
Yz" 1" 2" 4" 
6 7 11 18 
.18 .13 .09 .06 
5 7 9 15 
.20 .15 .11 .07 
6 7 10 17 
.18 .14 .10 .06 
7 10 16 27 
.15 .10 .06 .04 
6 7 10 16 
.17 .15 .10 .06 
5 6 9 14 
.20 .16 .11 .07 
* Mineral wool, fiberglass, or wood fiber. 
built-up roofing 
metal lath 
& plaster 
No insulation 
Insulation 
Mineral wool R 
or fiberglass u 
Wood fiber R u 
Outdoor Temp. 
-20 to -30 
-10 to -20 
0 to -10 
attic 
R=4, U=.23 
6" 8" 
27 34 
.04 .03 
27 34 
.04 .03 
R=2, 
4" 6" 
16 23 
.06 .04 
16 23 
.06 .04 
insulation 
crawl space or 
basement 
U=.69 
8" 12" 
30 45 
.03 .02 
30 45 
.03 .02 
insulation 
rp 
metal lath 
& plaster metal lath & plaster 
built-up roofing 
R=2, U=.41 R=5, U=.22 R=3, U=.36 R=3, U=.30 
Yz" 1" 2" 4" Yz" 1" 2" 4" 6" 8" 6" 8" 
4 6 10 17 6 8 12 19 
.23 .16 .10 .06 .16 .12 .08 .05 
4 5 8 14 6 7 10 16 
.27 .19 .12 .07 .17 .14 .10 .06 
4 6 9 16 6 8 11 18 
.24 .17 .12 .06 .16 .13 .09 .06 
6 8 14 26 8 10 16 28 
.16 .12 .07 .04 .13 .10 .06 .04 
4 5 8 14 7 7 10 16 
.23 .19 .12 .07 .15 .13 .10 .06 
4 5 7 12 6 7 10 15 
.27 .20 .14 .08 .17 .14 .10 .07 
25 32 25 33 
.04 .03 .04 .03 
perimeter insulation 
R=5, U=.22 
1" 2" 3" 4" None 1" 2" None 1" 2" 
8 12 16 19 
.12 .08 .06 .05 
9 13 17 21 
.12 .08 .06 .05 
Heat loss in BTU /hr. per foot 
of exposed edge* 
75 55 50 115 100 ' 85 
65 50 45 105 90 75 
60 45 40 97 80 65 
* Since there are no useful published ratings for insulation under these conditions, experimentally-determined values are given. 
These values are based on cellular glass. 
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ECONOMICS OF INSULATION 
It is somewhat difficult to determine how to express 
the economics of insulation. It is possible by calcu-
lation to determine the optimum thickness of insula-
tion or combinations of insulations that will produce 
the most savings (or least total cost) to the owqer 
over the useful life of the building and heating plant. 
However, to the average homeowner, this may not 
be significant. He is usually more interested in the 
following questions: 
1. How much will the insulation cost? 
2. How much will it reduce my heating costs? 
3. How long will it take to pay for itself? 
4. Will I be better off taking the same amount 
of money and investing it somewhere else at 
a better return? 
DETERMINATION OF OPTIMUM INSULATION 
To find the optimum amount of insulation, one must 
know the cost of the insulation, the cost of operating 
the heating plant, the cost of the heating plant, and 
the cost of any additional changes that must be made 
to accommodate the insulation. A mathematical 
relationship can be written for these factors and 
optimum amount of insulation can be calculated. 
The relationship of these factors is somewhat com-
plicated and· the mathematics time consuming. The 
process can be simplified by using a graph that takes 
into account operating costs, insulation costs, and 
climate in terms of degree-days. This graph neglects 
heating plant cost and physical changes to the 
structure, but its use can greatly simplify the task 
of finding the optimum amount of insulation. 
Step 1. Determine cost of insulation in terms of 
dollars per 1000 square feet and divide by the "R"-
value of the insulation to determine the cost per "R" 
of insulation per 1000 square feet. 
Step 2. Determine annual cost of insulation per 
"R" per 1000 square feet. (The annual cost per 
$1.00 borrowed can be obtained from the agency 
financing the project. A representative list of these 
costs is given· on this page.) 
Step 3. Use Figure 1 to determine the uncor-
rected Optimum "R", and then multiply by the 
appropriate correction factor from Table II on page 
TABLE I. ANNUAL COST OF BORROWING $1.00 
Rate 20 25 30 
% years years years 
8 $.102 $.094 $ .089 
872 .106 .098 .093 
9 .110 .102 .097 
972 .113 .106 .102 
10 .117 .110 .106 
10 72 .121 .114 .110 
11 .125 .118 .114 
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7. Divide the result by the "R" value per inch of 
thickness of the insulation to determine the optimum 
thickness that can be used. 
SAVINGS DUE TO IMPROVEMENT 
,Step 1. Determine "U" -value of the proposed 
wall, floor, or ceiling construction from pages 4 and 
5. Determine "U" -value of the section with addi-
tional insulation. Subtract "U" -values to determine 
change in "U" -value. 
Step 2. From Figure 2, determine the uncor-
rected annual savings per 100 square feet of thermal 
protection. 
Step 3. Multiply amount in Step 2 by the ap-
propriate correction factor from Table II on page 7. 
Step 4. Determine first cost of added insulation 
per 100 square feet. 
Step 5. From Table I, determine the annual cost 
of ownership per 100 square feet of the building 
section. 
Step 6. Subtract information from Step 5 from 
Step 3 to determine annual net savings. 
Step 7. To determine how long it will take for 
insulation to pay for itself, divide information from 
Step 4 by information from Step 6. 
Step 8. To determine the return on investment, 
divide Step 6 by Step 4. 
The method described here is somewhat con-
servative since it does not take into account the 
possible savings due to the installation of a smaller 
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Figure 1. CHART OF UNCORRECTED OPTIMUM "R" 
heating and/or cooling system. Further savings are 
possible when smaller units can be used. 
Example 1 
Frame house with brick veneer. Midwest area with 
6000 degree-days. Fuel will be natural gas purchased 
at a rate of 16 cents per therm. Financing will be at 
9% for 25 years. 
1. What is the optimum amount of glass fiber 
1nsulation that could be used in the walls if 
the insulation costs $100.00 per thousand 
square feet for 3-inch material and has an 
"R" -value of 4 per inch of thickness? 
2. What savings could be expected if the insula-
tion is increased from l-inch to 3-inch? (l-
inch costs $5.00/ 100 square feet; 3-inch costs 
$10/ 100 square feet.) 
Solution 1 
The cost per "R" of, insulation per 1000 square feet is 
$100/ (3 X 4) = $8.33. 
From Table I, the annual cost of borrowing $8.33 @ 
9% for 25 years is: 
. 102 X $8.33 = $0.85 
TABLE II. CORRECTION FACTORS FOR VARIOUS FUELS AND RATES 
Fuel* Rate Correction Factor 
"R" Annual 
Optimum Savings 
Natural Gas . 10/therm .82 .66 
**E=0 .75 . 12 .89 .80 
t100,000 Btu/therm .14 .96 .93 
. 16 1.03 1.06 
. 18 1.09 1.20 
. 20 1 .15 1.33 
Oil .35/ gallon 1.26 1.62 
E = 0 .75 .40 1.36 1.85 
144,100 Btu/gallon .45 1.44 2 .08 
.50 1. 52 2 .31 
. 55 1 .60 2 . 55 
.60 1 .67 2 .78 
Electricity . 02 / kwh 1 . 71 2.93 
3,412 Btu/ kwh :03 2 . 10 4.41 
E = 1.0 .04 2 .42 5 .88 
. 06 2 .96 8 .82 
.08 3 .42 11 .76 
. 10 3 .83 14.70 
Butane Gas .35/ gallon 1. 52 2 .33 
E = 0 . 75 .40 1.63 2 .67 
100,000 Btu/ gallon .45 1. 73 3 .00 
.50 1.82 3.33 
. 55 1 .91 3.67 
.60 2 .00 4 .00 
Propane Gas .35/ gallon 1 .58 2 . 54 
E = 0 . 75 .40 1. 70 2 .90 
92,000 Btu/ gallon .45 1 .80 3 .26 
. 50 1 .90 3 .62 
.55 2 .00 3 .98 
.60 2 .10 4 .35 
* For information of BTU ratings of fuels and the efficiency of equipment see 
SHC-BRC Circular Series G 3.5, " Fuels and Burners" 
** "E" is the overall efficiency of the heating system 
t Btu's per purchased unit of fuel 
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CHANGE IN "U"-VALUE 
figure 2. UNCORRECTED ANNUAL SAVINGS FOR INCREMENTAL 
CHANGE IN "U"-VALUE 
From Figure 1, uncorrected "R" -optimum for 6000 
degree-days is 18.0 . 
From Table II, the correction factor for natural gas 
at 16 cents per therm is 1.03. 
1.03 X 18.0 = 18.54 
18.54/ 4 = 4.63 inches 
Since the wall construction does not make using in-
sulation thicker than 3% inches practical without a 
considerable change in the construction of the wall, 
the solution indicates "full-thick" insulation, and the 
use of insulating sheathing should also be considered . 
Solution 2 
From page 4, the "U" -values of the wall in the ex-
ample are: 
l-inch insulation = 0.15 
3-inch insulation = 0.08 
The change in "U"-value is 0.07. 
From Figure 2; the uncorrected annual savings per 
100 square feet of wall is $2.00 . 
From Table II, the correction factor is 1.06. 
1.06 X $2.02 = $2.12 (annual savings) 
From Table I, the cost of borrowing $5.00 ($10.00 -
$5.00) is: 
.102 X $5.00 = $0.51 per 100 square feet 
The annual net savings is $2.12 - 0.51 = $1.61 per 
100 square feet of wall . 
These figures indicate that for the additional cost of 
$5.00 per 100 square feet of wall the insulation would 
pay for" itself during the first 3 years of operating the 
heating system. The return on investment would be 
$1.61/ $5.00 = 32% per year. 
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Frame wall 
continuous 
screened vent 
Window and door openings 
vapor barrier 
bevel insulation to 
allow for ventilation 
vapor barrier 
Eave details 
MOISTURE CONTROL 
To prevent condensation, excessive moisture must be 
controlled by venting moisture-producing equipment 
such as clothes dryers and ranges, by ventilating 
spaces to reduce the amount of moisture in such 
areas as shower rooms and kitchens, and by erecting 
vapor barriers to restrict water vapor movement. 
Water vapor will move through permeable materials, 
such as most building materials. A vapor barrier 
must be a material of low permeance (polyethylene 
film, heavy laminated kraft papers, metal foils) so 
that the water vapor is restricted and cannot come 
in contact with surfaces that are cool enough to 
cause condensation. For this reason, the vapor 
barrier is always located on the warm side of the 
insulation and must be complete and unbroken. 
Even small tears can cause problems. 
Vapor barriers do not completely stop the flow of 
moisture but do reduce the rate at which it moves 
through the building materials. Therefore, some 
moisture will always be moving into the floors, walls, 
and roof, and an exit must be provided. 
In wall sections, that is done by choosing an 
outside "skin" that is more permeable than the vapor 
barrier. If it is not, then more moisture will flow 
into th'e wall than can be exhausted through the 
outside finish. If a material such as metal siding is 
used, some provision must be made for venting the 
wall. This is easily achieved by being sure that the 
joints are not tight or that vent slots are provided. A 
similar situation can result with some paint films. 
The paint film can form a vapor barrier, trapping 
moisture behind the film. The vapor build-up behind 
the film will usually result in paint peeling and / or 
deterioration of the siding material. Masonry ma-
terials (unless painted) usually do not present any 
problems since they are readily permeable to mois-
ture vapor and any moisture moving through the 
wall can get to the masonry surface and evaporate. 
Attic spaces above insulated ceilings can present 
problems if adequate ventilation* is not provided and 
if a vapor barrier is not installed below the insulation. 
Using the attic as an "escape route" for moisture 
is not recommended since it does not provide any 
control. If wind conditions are such that complete 
ventilation of the attic does not occur, condensation 
will take place on the roof rafters and sheathing, 
causing deterioration of the structure. This can 
cause what appears to be roof leaks but is actually 
condensation dripping back into the rooms below. 
There are usually enough sources of moisture in 
the average well-built house to keep humidity levels 
at a comfortable level. The daily processes of cooking, 
washing, bathing, and just living, all contribute 
to the moisture available. 
Moisture is also available from sources other 
than these "natural" ones. Houses built over crawl 
spaces without ground covers frequently exhibit 
moisture problems. Even though the surface of the 
crawl space may appear dry, water vapor from the 
soil below can permeate the dry surface and move 
into the house and even into the attic space. Poor 
drainage around the house and foundation walls can 
result in "wet feet." This moisture then is free to 
find its way into the building and cause problems 
if it becomes excessive. 
It. is virtually impossible to predict whether any 
one house will have a problem of too little or too 
much moisture. For this reason, it is always best 
to provide for either case. This means installing 
vapor barriers on the warm side of walls, ceilings, and 
floors (if they are over unheated spaces), crawl space 
covers, attic ventilation, and exhaust fans and hoods 
at moisture-producing areas, and making provision 
for the addition of humidifying equipment if it is 
ever needed. Dehumidification equipment is not 
common in residences for cold weather use but it is 
not uncommon in commercial installations where 
moisture levels can be critical in the storage of 
certain items or in industrial processes. Dehumidi-
fiers are sometimes used in residential basements or 
other areas to control moisture vapor where ventila-
tion or other vapor control methods would be difficult 
or expensive to install. 
* Adequate ventilation is considered to be the provision of 
ventilators having a total free area of 1/300 of the attic floor 
area, divided equally between high and low vents. 
Slab construction 
wall insulation 
vapor barrier 
Crawl space 
Heated slab 
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insulation insulation 
vapor barrier 
vapor barrier 
Metal sandwich wall Brick veneer wall 
insulation insulation 
Concrete roof deck with suspended ceiling Floor over unheated space 
built-up roofing 
~ built-up roofing 
~ 
insulation 
metal deck 
Concrete roof deck Metal roof deck 
10 
• 
HUMIDIFICATION REQUIREMENTS 
In order to maintain an acceptable degree of comfort 
during the heating season, the relative humidity 
within the home must be maintained between certain 
levels. These levels are generally considered to be 
between 20 and 40% relative humidity with the 
indoor temperature at about 73° F. If the humidity 
level is kept below 20%, the occupants are likely to 
experience drying out of nasal passages, excessive 
static electricity, drying out of glued joints in fur-
niture and a feeling of coolness even though warm 
temperatures are maintained. If the humidity. level is 
allowed to rise above the 40% level, the problems 
of excessive humidity will occur, particularly con-
densation on windows, condensation within walls 
and attics, and eventually the possibility of paint 
peeling on the exterior of the building. 
When humidification equipment is installed, there 
is always the question of how much moisture must 
be introduced in order to maintain acceptable levels. 
The attached chart has been designed to indicate 
the amount of humidification that is necessary in 
gallons per hour to maintain a specific indoor relative 
humidity for various outdoor temperatures and 
relative humidities when the indoor temperature is 
maintained at 73° F and the indoor volume of space 
is 10,000 cu. ft. (approximately the volume of a 
house with 1,250 square feet of floor space). Also 
included in the chart are a series of dashed lines that 
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indicate when condensation will occur on various 
kinds of glass. These can be considered as danger 
signals. The chart has been designed for houses that 
experience one air change per hour, which is con-
sidered as normal for average construction. If the 
house is particularly tight (or loose) the results can 
be adjusted. The following examples illustrate the 
use of the chart. 
Example 
House with 10,000 cu. ft. How many gallons of 
water per hour are needed to maintain 40% relative 
humidity where outdoor conditions are 10° F and 
85% R. H.? 
Solution 
Locate 10°/ 85% on the bottom of the chart. Read 
up to the 40% curve. Read horizontally to the left 
side of chart- .52 gallons per hour. 
Note that this point is below the dashed line for 
"double glass" which means condensation should not 
occur. It is, however, above the dashed line for 
"single glass" and considerable condensation can be 
expected on any windows without double glass or 
storm panels. 
Example 
Same house as previous example but tightly con-
structed so that only three-quarters of air change 
per hour occurs. 
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OUTDOOR TEMPERATURE AND RELATIVE HUMIDITY 
Figure 3. HUMIDIFICATION REQUIREMENTS FOR 10,000 CUBIC FEET OF SPACE AT 1 AIR CHANGE PER HOUR 
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Solution 
The results of the previous example, - .52 gph are 
modified by taking % of the answer or .52 times % 
equal .39 gph. 
Example 
House with 2,000 sq. ft. of floor area. Windows and 
doors loose. Assume 1 Yz air changes per hour. How 
much moisture must be released to maintain 30% 
relative humidity when the outdoor conditions are 
oo / 90% relative humidity? 
Solution 
Enter chart on bottom at oo / 90 %. Read up to 30% 
curve and then left to vertical scale - read .39 
gallons per hour. 
This is the amount for 10,000 cu. ft. per hour 
(one air change). This house has 2,000 sq. ft. times 
8ft. (ceiling height) or 16,000 cu. ft. and times 1Yz 
air changes or 24,000 cu. ft. per hour. 
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24,000 
.39 x 10 OOO = .935 gallons per hour 
' In the three examples, the solution gave the 
amount of moisture needed to maintain a specified 
humidity level. It is not normally necessary to 
supply all of this moisture from the humidification 
equipment. In fact, in many homes all of the mois-
ture needed can be supplied by just living in the 
home. For example, cooking dinner releases about 
~ to %gallons of water, almost enough to supply 
the needs for two hours in the first example. Mop-
ping the kitchen floor in a 10 ft. by 10 ft. kitchen 
releases about Yz gallon of moisture. 
The release of a large quantity of moisture over 
a short period, such as happens in kitchens and 
baths, makes it imperative that exhaust fans be 
operated during these periods, particularly when 
non-regulated humidification equipment is used. 
F2.0 - Basements 
F6.2 - Moisture Condensation 
F11.2 - Insulating-
Windows and Screens 
F4.4 - Crawl Space Houses 
25 cents each 
4. Electric Heating & Cooling Handbook, Edison 
Electric Institute Publication No. 64-40, 1965. 
5. ASHRAE Guide and Data Book, American So-
ciety of Heating, Refrigerating and Air-Condition-
ing Engineers, Inc., 1966. 
